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(71) We, Matsushita Electric In- 
dustrial Co. Ltd., a corporation organized 
under the laws of Japan, of 1006, Oaza 
Kadoma, Kadoma-shi, Osaka, Japan, do 
hereby declare the invention, for which vvc 
pray that a patent may be granted to us, 
and the method by which it" is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to an insulated gate 
semiconductor device and more particularly 
to insulated gate thyristors of low V T and 
insulated gate thyristors of high breakdown 
voltage. More specifically, the invention is 
intended to improve on the punching- 
through of the prior-art insulated gate semi- 
conductor devices. 

In the MOS transistor which is one class 
of the insulated gate transistor, it is usu- 
ally desirable to minimize V T , i.e. the lowest 
gate voltage required for forming a channel. 
To this end, the. rcsistivitv of the semicon- 
ductor in which a channel is to be formed 
is desirably as high as possible. However, 
the intent to increase the rcsistivitv is likclv 
to cause spreading of the drain side deple- 
tion layer, tending to result in punching- 
through. To avoid this, the gate aap may 
be increased, which however resulfs in in- 
ferior frequency characteristics. 

According to the present invention there 
is provided an insulated gate semiconductor 
device comprising a semiconductor sub- 
strate, which is provided on one principal 
surface with separate regions of opposite 
conductivity type from that of said substrate 
and separate low resistivity regions of the 
same conductivity type as but of lower resis- 
tivity than that of said substrate, said low 
resistivity regions extending in zones of 
maximum field intensity between said separ- 
ate regions, and a gate electrode provided 
via an insulating layer on said substrate be- 
tween said separate regions. 


The invention will now be described by 
way of example only with particular refer- 
ence to the accompanying drawing, in which : 

Fig. 1 is a top view of a prior-art MOS 
transistor; 

Fig. 2 is a top view of an embodiment of 
the insulated gate semiconductor device of 
the present invention; 

Figs. 3 and 4 are fragmentary top views 
showing other embodiments of the invention- 
and 

Fig. 5 is a top view showing still another 
embodiment of the invention. 

Fig. 1 is a top view of an example of the 
prior-art MOS transistor. It comprises an 
n-type semiconductor substrate 1 of hi»h 
resistivity. Numerals 2 and 3 designate p- 
type regions, with the region 2 constituting 
a source region and region 3 constituting 
a drain region. Numeral 4 designates a 
source electrode in ohmic contact with the 
source region 2, numeral 5 a drain electrode 
m ohmic contact with the drain region 3. 
and numeral 6 a gate electrode formed on 
an insulating layer. The cut-off frequency 
of the transistor is increased by reducing 
the gate gap, i.e., the distance between the 
regions 2 and 3. However, when the gate 
gap is reduced, the depletion laver on'the 
dram side is likely to extend into'the source 
side, resulting in punching-through. There- 
fore, the gate cap cannot be made exces- 
sively small. 

The invention is based on the finding that 
the above drawback can be 
providing low resistivity regions in maxi- 
mum field intensity zones between the source 
and drain. 

Fig. 2 shows one embodiment of the in- 
vention. Referring to the Figure, numeral 
7 designates an n-type semiconductor sub- 
strate, numerals 8 and 9 n-type regions, with 
region 8 serving as source' and" region 9 
serving as drain, numeral 10 a source elec- 
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trode in ohmic contact with the source region 
8. numeral 11 a drain electrode in ohmic 
contact with the drain region 9. numeral 12 
a gate electrode formed on on insulating 
5 layer, and numerals 13 n + -typc regions', 
which constitute the characterizing feature 
of the invention and which have a lower 
resistivity than that of the substrate 7. The 
n + -type regions 13 arc formed in maximum 

10 field intensity zones between the source and 
drain. With this structure, the gate gap 
may be reduced without resulting in the 
punching-through of the drain side depletion 
layer into the source side. Also, the resis- 

15 tivity of the semiconductor substrate may 
be increased. Thus, with this structure it 
is possible obtain a low V T transistor for 
high frequency purposes. 
In the preceding embodiment of Fig. 2, 

20 the n + -type regions 13 overlap source 8 and 
drain 9. For the principal purpose of pre- 
venting the punching-through of the drain 
side depletion layer, however, the n + -type 
region formed in the maximum field inten- 

25 sity zone between the source and drain re- 
gions 8 and 9 need not extend across the 
entire gate gap, but it may extend across 
only part of the gap, as shown in Fig. 3. 
F'g- 4 shows another possible lavout. in 

30 which the n+-type region 13 is formed in 
part of the substrate 7 and extends across 
the entire gate gap. 

Although Figures 3 and 4 show onlv a 
single n+-type region 13, it is to be under- 

35 stood that in each of these embodiments, 
there are two such regions, as in Figure 2. 

While in the preceding embodiments the 
conductivity types of the various parts are 
predetermined for the sole sake of facilitat- 

W) ing the description, the same effects of the 
invention may of course be obtained by 
selecting the opposite conductivity type for 
only the individual parts. 

Some detailed examples of the invention 

♦5 will now be given. 

EXAMPLE 1 
A MOS transistor of a structure as shown 
in Fig. 2 was fabricated by diffusing boron 

50 into an n-type silicon substrate to form the 
source and drain regions and forming the 
n + -type regions in the illustrated positions 
by the diffusion of phosphorus. An SiOj 
layer is used as the insulating layer. With 

>5 this transistor, V T of 1 volt and the cut-off 
frequency of 500 MHz were obtained. 

EXAMPLE 2 
A semiconductor device of a structure as 
y0 shown in Fig. 5 was fabricated. Boron 
was selectively diffused into a n-type semi- 


conductor substrate 7 to form p-typc regions 
8 and 9. Then, phosphorus was selectively 
diffused to form an n h -lypc region 9" within 
the p-typc region 9 as well as formin? u+- 65 
type regions 13. Numerals 10 and if res- 
pectively designate anode and cathode elec- 
trodes, and numeral 12 designates a gale 
electrode. This semiconductor device is an 
insulated gate thyristor. in which current 70 
controlled negative resistance is provided be- 
tween the anode 10 and cathode 11. and its 
switching voltage can be controlled with 
the gate voltage. By the provision of the 
n + -type regions 13 the resistivity of the 75 
semiconductor substrate can be increased 
to increase the breakdown voltage. With the 
above planar structure a breakdown voltage 
of 1,000 volts was obtained. 

The above semiconductor devices are also 80 
sensitive to light, and they can provide high 
sensitivity and high switching speed as the 
light-sensitive semiconductor device. 

While silicon is used as the semiconduc- 
tor substrate in the above examples, other 85 
well-known semiconductors such as german- 
ium, GaAs, GaP and InAs may also be used. 

As has been described in the foregoing, 
the insulated gate semiconductor device ac- 
cording to the invention can be used as low- 90 
power high-frequency transistor and high 
breakdown voltage thyristor, so that it is 
very useful in industry. 

WHAT WE CLAIM IS: — 95 

1. An insulated gate semiconductor de- 
vice comprising a semiconductor substrate, 
which is provided on one principal surface 
with separate regions of opposite conduc- 
tivity type from that of said substrate and 100 
separate low resistivity regions of the same 
conductivity type as but of lower resistivity 
than that of said substrate, said low resis- 
tivity regions extending in zones of maxi- 
mum field intensity between said separate 105 
regions, and a gate electrode provided via 

an insulating layer on said substrate be- 
tween said separate regions. 

2. A semiconductor device as claimed in 
claim I wherein the low resistivity regions 110 
extend only partially across the gap between 
said separate regions. 

3. A semiconductor device as claimed in 
claim 2 wherein said separate regions con- 
stitute source and drain regions of an MOS 115 
transistor. 

4. A method of fabricating the semicon- 
ductor device claimed in claim 1 and sub- 
stantially as described in Example 1 re- 
ferred to hereinbefore. 120 

5. A method of fabricating the semi- 
conductor device claimed in claim 1 and 
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substantially as described in Example 2 re- 
ferred to hereinbefore. 

6. A semiconductor device substantially 
as hereinbefore described and as shown in 
Figures 2 or 3 or 4 or 5 of the accompany- 
ing drawings. 


For the Applicants: 
F. J. CLEVELAND & COMPANY. 
Chartered Patent Agents. 
Lincoln's Inn Chambers. 
40 — 43 Chancery Lane, 
London, WC2A 1JQ. 
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